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We measured three renal tubular brush-border enzymes (lactate dehydrogenase, LDH, EC 1.1.1.27; gamma-glutamyltransferase, GGT, EC 2.3.2.2; and alkaline phosphatase, AP, EC 3.1.3.1) in morning urine samples from 48 healthy subjects to check whether different storage times and temperatures could modify enzyme concentrations. Short-term (24 h) storage time at room temperature or 4#{176}C does not affect urinary enzyme activity. A few days of freezing, at -20 or -70 #{176}C, dramatically iowers LDH and AP values; GGT is partially preserved only at -70 #{176}C, if the sample has been previously centrifuged. Urinary enzymes investigated in this study are extremely iabiie at low temperatures. Here we report the effects of different storage times and temperatures on some enzyme activities in urine samples, centrifuged or not, collected from healthy subjects.
Materials and Methods

Enzymes studied.
We chose to study three brushborder enzymes, because we are involved in programs dealing with tubular diabetic nephropathy (7, 15, 21 We investigated three protocols for handling the urine samples:
Protocol A, day before/after (21 subjects): Urine specimens, centrifuged or not, were subdivided into three aliquots. The first one was processed without delay for determinations of catalytic activities; the second was kept at room temperature for one day, and the third was stored at 4#{176}C for 24 h. These later two aliquots were analyzed for enzymes the next morning.
Protocol B, freezing effect (21 subjects): Urine specimens, with and without centrifi.igation, were processed without delay. Meanwhile, aliquots of each were frozen at -20 and -70 #{176}C for about one month before enzyme assay.
Protocol C, time-course (6 subjects): We measured enzyme activities during sample storage at 20 (room temperature), 4, -20, and -70 #{176}C. We carried out this study to detect precisely the "break point" of enzymic activity change at the different temperatures investigated. We assayed centrifuged urine specimens for GGT, AP, and LDH activities immediately after collection and successively after 24 (for practical purposes, only those frozen at -20 and -70 #{176}C), 36 (only those at 20 and 4#{176}C), 48,72, and 96 h and after 7,14,22,and 28 days of storage (at all four temperatures). Enzyme activity monitoring for AP was stopped before the 28th day, because the recovered activity had dropped heavily (by >90% of the basal value) much earlier than this; this decrease had occurred after only one week for frozen GGT and LDH (see Table 5 ).
Enzymic reaction. All absorbance readings were performed at 37#{176}C, at the suggested wavelength. Absorbance changes were monitored at 1-mm intervals for 6-10 mm. Then we calculated the mean value of the absorbance changes per minute (iSA/mm) on the linear portion of the curve.
No modifications of reagent and sample volumes were necessary for GGT analysis, enzyme activity being sufficiently high in fresh urine. Low urinary AP and LDH activities made it necessary to adjust total/sample volume ratio to 1.2 mL/0.10 mL.
Calculation. By definition, an enzymic unit (U) isthe activity of enzyme that converts 1 jmol of substrate in 1 mm under standard conditions. For the enzymes in this study, 1 U corresponds to the production of 1 mol of blue quinone monoimine dye (GOT) or of 4-nitropheno! (AP) or to the consumption of 1 mol of NADH (LDH in urine was a dilution test: a urine sample with the highest GOT activity was progressively diluted with isotonic saline, and measured for enzyme activity. Similar tests on urine for AP and LDH were not feasible, owing to their low concentrations in urine. Hence, for those two enzymes, we assessed quality control by diluting the serum control to simulate the concentration ranges more frequently observed in urine. For precision and accuracy current checks, we used Ames Sera-Chek lyophilized control sera. The coefficient of variation (CV), intra-and interassay, was calculated from the differences between two to four separate determinations of enzyme activities for each sample. Mean values for urinary creatinine, albumin, and enzyme excretion in the 48 healthy subjects in this study are reported in Table 1 . We observed no significant differences according to sex or age.
Although AP and LDH mean values from our study fit reasonably with those reported by others ( 1,6,20,21) , the mean urinary output of GOT methods, as great as 40% (data not shown). Figure 1 shows the exact linearity of the three enzyme reaction rates, monitored as change in absorbance over time.
The within-assay
CVs for GOT, AP, and LDH in urine were 5%, 11%, and 6%, respectively. The intra-/interassay CVs for assays of the serum control were 9-41% for GOT, 10-12% for AP, and 4-9% for LDH. Figure 2 shows the results of diluting the urine sample with the highest GOT concentration (206 U/L) and reports the linear least-squares regression and correlation values. Figure 3 shows similar tests for AP and LDH (and, for completeness, also for GOT) in a normal control serum diluted to give the urinary concentration range typically found for these enzymes. The linearity of the regression lines is evident in both Figures (r = 0.98 to 0.99) . Table 2 exhibits the results from protocol A. Enzyme activities were assayed in urine samples, centrifuged or not, on the day of collection and on the next day, after storage at room temperature or at 4#{176}C. There was no difference in results among the various modalities of urine storage (Student's paired t-test).
Data about the effect of freezing (protocol B) are summarized in Table 3 . After one month, at both -20 and -70 #{176}C, all enzyme activities decreased dramatically, except for GOT at -70 #{176}C, which, especially in centrifuged urine samples, decreased by only 30% (still a significant decrease). Tables 4 and 5 report results from the time-course study of mean enzyme activities monitored during sample storage at 20 (room temperature), 4, -20, and -70 #{176}C, respectively (protocol C). GOT, AP, and LDH activities were assayed in centrifuged urine specimens from six healthy subjects immediately after collection and at various times afterwards. The kinetics of each enzyme activity as a function of the storage time at the different temperatures for urine from each subject are illustrated in Figure 4 .
The behavior of AP and LDH in urine at 20 and 4#{176}C, is similar (Table 4) . After 36 h of storage, they begin to slightly decrease, losing up to about 20-35% of the basal value after seven days. Thereafter ual subjects, a less homogeneous pattern appears, especially for AP and GOT; for storage at these temperatures, the trend for both enzymes seems not predictable in individuals (Figure 4) . At -20 and -70#{176}C, the mean decrease inthe three enzymes is early and sharp, except again for GOT at -70 #{176}C, which is partly maintained in these centrifuged urine samples (Table5,Figure4) .From the day-to-day monitoring of the freeze-induced enzyme changes, we see that the dramatic decrease in LDH, observed after one month of urine storage at -20 and -70 #{176}C, is practically complete (90% of baseline lost) after only 24 h. Also, the decrease in AP is great (-40% of baseline), although slower. Finally, after one day at -20 #{176}C, GOT loses about 60% of its initial value, reaching negligible values after seven days. The GOT "salvage" at -70 #{176}C, although less evident, was also seen in the six specimens of protocol C. 
#{149}
The studied enzymes are extremely labile at -20 and -70 #{176}C. In urine samples frozen at either temperature, LDH and A? activities decreased to negligible values within one month, the decrease startingalready after one day of freezing. Although GOT seems partly preserved at -70 #{176}C in centrifuged samples, at -20 #{176}C it behaves the same as LDH and AP. #{149} Centrifugation seems not crucial, if measurement of enzymes iscarried out promptly after urine collection.
In conclusion, we recommend processing urine samples for the investigated enzymes as soon as possible. If there is a delay in analysis, urine can stand at room temperature or 4#{176}C for one day, regardless of centrifugation, without any significant change in enzyme activity. Urine samples must never be deep-frozen; only GOT can be partly preserved by freezing at -70 #{176}C, if the urine sample has been previously centrifuged.
